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SUMMARY 
The lateral-contr0l characteristics of several spoiler arrangements 
lo.cated neaL' the wing trailing edge were investigated in flight. It was 
found that, in all cases, the control response vras satisfactory and that, 
except for a regien of lew speiler effectiveness for small control de-
flections, the variation of rolling effectiveness with control deflec-
tion was smooth and nearly linear. The rolling effectiveness for a 
gi ven spoiler deflection was found to j.ncrease with airspeed. The con-
tro.l forces varied smoothly but at an increasing rate 'vi th control 
deflection, leading to. a low degree of control feel for small spoiler 
deflections . 1-lith a system which consisted of spoilers in combinati.on 
wi th small wing-tip ailerens, the effectiveness and control-force 
characteristics were exceptionally good, especially at high speeds. 
The ya1ving characteristics of the various spoiler arrangements were more 
favorable than those usually associated with aileron control and the 
lateral control in inverted flight was ad.equate. 
INTRODUCTION 
\Vi th the current trend tOlmrO. higher ,,,ing loadi ngs and the desira-
bility of lower landing speeds, increasing interest is being evinced in 
the characteristics of lateral-control systems permitting the use of 
large- or full-spa..'1 flaps. 
Results of prev::'ous wind-tunnel and flight j.nvestigo.tions, r eported 
in references I to 7, have indic~ted that one of the more promising lat-
eral-control devices f or use ,vi th full-span flaps is the circular-arc 
spoiler located near the wing tr~iling edge . P~eYious flight tests of 
this type of lateral-control surface (references 6 and 7) were limited 
to low speeds, and no control-force or hinge-moment measurements were 
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obtained during those t.ests . Flight investiGations, ",hich included meas-
urements of control-force, hinge-moment, and hieh-speod. characteristics, 
were conducted at the Ames Aeronautical Laboratory for various opoiler-
type latera i-control arrangements on three a irplanes. The latera l-con-
trol characteristics from these investigations, determined chiefly in 
abrupt rudder-fixed rolls, of the following a irplanes and systems are pr~ 
sented and discussed in this report : 
1. A combination of circular-arc spoilers '·Ti th wing-tip ailerons on 
a Northrop p-61A a irplane , standard for this airplane. Tests were per-
f ormed over a sizable speed range (maximum Mach number of 0.68), and in-
di vidual spoiler and aileron hinge moments were mea.sured. 
2. Ci rcular-arc spoilel~s alone on a Northrop P- 6 J.A airp lane. Tea t s 
'·Tere conducted with the wing-tip ailerons l ocked in. the neutral p08i tion. 
3 . Plug-type vented Zap 8.poiler8 on a Vought ··Sikorsky OS2U-2 airplane 
modified to accommodate full-span Zap flaps . 
l~ . Simpl e circular- arc spoi~ers on a Vought-Sikorsky OS2U-2 airplane 
modified to accommodate full-Gpan Zap f laps . 
5. V~per-surface flap-tJ~e spoi l ors on a normal Oc2U-2 airplane , 
standard for this airplane. The t ests VTere performed "'hi le t he slotted 
"Ting flaps were fully deflected, und.er which concli tion t he ailerons are 
dr09ped and inoperative, and the lateral control is supplied by the 
spoilers alone . 
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SYMBOLS 
The symbo l s usod in this r bport a r e dofinod a s fo llm-rs : 
normal acce l er a tion factor, the a lgobro.ic sum of tho components, 
along the airplane Z-axis , of tho a j.rplane acco16r a tion and 
the a cceleration due to gravity, in terms of the ytandard 
gravitational unit (32 . 2 ft/sec 2 ) 
wing span, feet 
loca l wing chord, f eet 
mean aerodynamic chord, f eet 
lateral-control force , applied tangentially to the 
control wheel or normal to the control-stick grip, pounds I 
I 
I 
-~ 
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.p 
lateral· control forco ' due to aileron action, pounds 
lateral-control force due ' to 'spoiler action, pounds 
aileron hinge moment, positive vrhen tending to move the aileron 
" downward, inch-pounds 
spoiler hinge moment, posi ti ve "Then tending to move the spoiler 
. ' doYinward, inch-pounds 
pressure altitude, feet 
7, . control-stick length or .Theel radiUS, inches 
p ' rolling velocity;' ' radians per second 
pb/2V' tangent"of the'heli:lCangle generated by ' the wing tips 
; _ .... . 
)' ,. . ,>.-: 
r ra~ius of spoiler; inches 
V true airspeed, feet ~er second 
.. , ,r I':, 
Vi' indicated airspeed, miles per hour 
13 ' sideSlip angle, degree s 
~:.[.I . : ~ .. J, .:~ .. ',} ;:o,l J<' 
Oa aileron angle, ·the!a.leebra,ic '.:d:ifference between .the .angles of I,," 
the tvTO ailerons measured from the wing chord ' line (,left when 
the l eft aileron is up ), degrees 
Oc control-wheel or - stick defle'c'tibn; degrees 
Os spoiler angle, the angular deflection of the upward-def'lected 
spoiler about the hinge line, as measured from the position 
for which the upper edge is coincident ",i th the wing upper 
surface, degrees ' 
DESCRIPTION OF LATERAL-CONTROL ARRANGEMENTS 
The following is a descri ption of the more important physical 
'C'ha.!-acteristics of the test lateral-control systems and airplanes. 
Detailed specifications and dimensions are given in the appendix. 
'~ . r.', j " , . 
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Arrangement I - Circular-Arc Spoilers and Wing-Tip 
Ailerons on a Nortlrrop p-6lA Airplane 
This lateral-control system (standard op the Northrop P-61A air-
plane) consisted of a combination of upper-surface spoilers located for-
ward of the flaps and small unsealed plain-flap-type ailerons at the 
ving tips. The spoilers were of a simple circular-arc type with the 
center of curvature coincident vri th the hinge line J and contained 3/4-
inch-diameter holes which reduced the total spoiler are'a by approximate-
ly 20 percent. Details of the control surfaces are shovrn in figure 1 ~d 
2. The wing slot through which the spoiler operated was provided with a 
faired seal on the lOvler wing surface, as shown in figUl~~s , 1 .:md 3. 
The spoilers were partially mass-baUulced and t he ailerons were complete-
ly mass-balanced. The degree of mas s unbalance and friction i!lthe con-
trol system, as measured on the ground during slm., movements of the con-
trol wheel, are indicated by the curves of figure 4. The kinematics of 
the control system, as measured under no-load conditions are shovrn in fig-
ure 5. The development of this lateral-control system is reported in ref-
erence 8. 
The airplane vras equipped vrith slotted flaps which extended approx-
imately 82 percent of the wing seroispan from 'the, ;airplane center line. 
Details of the outboard flap panels, the slots of which we~e fabric-
sealed, are shown in figure 3. A three-view drawing of the airplane is 
presented in figure 6; figure 7 shows the airplane w'ith the flaps fully 
extended; , and sketches of the flap and wing-section countours are pre-
sented in figure 8. 
Arrangement II - Circular-Arc Spoilers Alone 
on a Northrop ~-6lA Airplane 
This arrangement was the same as Arrangement I except that both 
ailerons were fixed in th~ neutral position. 
Arrangement III - Plug-Type Zap Spoilers on a Vought-
Sikorsky OS2U-2 Airp lane with Full-Span Zap Flaps 
This arrangement consisted of plug-type vented Zap spoilers installEd 
on a Vought-Sikorsky OS2U-2 airplane modified to accomodate full-span 
circular-arc Zap flaps. Detai l s of the spoilers and flap are presented 
in figure 9, and a view of the spoilers and flaps fully extended is shown 
in figure 10. The kinematics of the control system are presented in fig-
ure il, and a three-view dra,.,ing of the airplaJ;le is shown in figure 12. 
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Arrangement IV - Circular-Arc Spoilers on a Vought-
Sikorsky OS2U-2 (Zap ) Airplane 
·The plug- type spoilers of Arrangement III Were replaced ,.,i th 
simple circular-arc-type spoilers having the center of curvature above 
the hinge line. Details of the surfaces are shown in figures 13 und 
14, and · the .control- system kinematics are presented in figure 15. 
Arrangement V - Flap-Type Spoilers on a 
., 
Vought-Sikorsky OS2U-2 Airplane 
This arrangement, standard on the Vought-Sikorsky OS2U-2 airplane, 
consisted of flap-type spoilers forward of the slotted flaps and wing-
tip Frise-type ailerons . Details of the surfaces are shown in figures 
5 
16 and 17. As the flaps "..tere lowered, a gradua·l . transition from control 
by ailerons to control by. spoilers occurred, and s~ultaneously the aile~ 
ons became drooped (both deflected downward). lvi th the flaps fully de-
flected, lateral control ,\-I"as by spoilers alone, the ailerons remaining 
fixed in a drooped position (approx. 290 down). The tests reported here-
in were conducted for this condition, the kinematic.s for which are shown 
in figure 18. A three-view drawing of the airplane is presented in 
figure 19. 
INSTRUMENTATION 
The test aipplanes '\-Tere equipped wj. th standa:r:d NACA photographically 
recording instruments by means of which the following 'quantities were 
measured: indicated airspeed, lateral-control-surface or control- s tick 
positions, angular velocities, lateral-control force, normal acceleration, 
and angle of sideslip. 
A yav' vane and a free-swiveling airspeed head were mounted on booms 
extending approximately one chord length ahead of the wing tips. 
For the tests with Arrangements I and II, individual spoiler and 
aileron hinge moments were measured by means of resistance-type strain-
gage units mounted on the push-pull rods of the surfaces and connected 
to, a. recording oscillograph. 
I·, 
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TESTS 
The flight t ests reported herein consisted primarily of abrupt l eft 
and right rudder-fixed rolls at various airspeeds for tho' ~9110wing com-
blnations of flap and power settings : ! ;,,' ',,,'::,:~ 
Condi tion 
P 
W 
" G 
... . -
ower-on 
ave-off 
li,de 
, J.:; "i:inding 
"{ ," 
clean 
Power settingl, 
Flap and gear 
s e tti ng 
-
Normal rated Up2 
Normal r a t ed Down 
Off Up2 
Off Dmm 
l See ' appendix for engine-power r a tings. 
2Gear retractable for Arrangements I and II only. 
-.. . .. -
Cowl..:':f,:lap , {' 
position 
Op en 
Open 
Closed 
Closed 
'I'he airplane Bross weights tmd center.-of gravity , locations at take-
off for all the tests corresponCled approximately to the"norma l v~lues 
given in the appendix. Except as othervrtse specIfied, , the t ests were 
performed at pressure altitudes of from , w.oO , to ,10,000 feet., 
RESULTS AND DISCUSSION 
Response Char a cteris tics 
The rolling r e sponse of an airplane t 'o lateral - control deflections 
may be measured by the time required for the est abl:tshInBiit of the mnxi--
mum rollins acce l eration following the abr'J.p t deflection of the controls 
to a predetel'minedposi tion. Cri t er;ibns based on previous' 't es t results 
and pilots' opinions have been promulgat ed i n reforences'9, la, and 11 
in ,thy form of max~mum satisfactory time-lag values of 0.2 second (refer-
ence 9) o.nd :- . 75 c/v seconds (references 10 and 11). ', ~ 
" 
, T:lmf;> , h is torj,(;s of ty:pical abrupt ru,dder-fixed. rolls are pr esented 
in fiB~e 20 for the variOUS l ateral- contro l arraDgemeilt.s. These 
r ecords sh m·, tha t in the critical 10w7 speed condl-tiOn$ the lag VTaS equal 
, ,". ,"" t o or less than t he va }ttOB ment.ioned in "t he freee,ling 'par3.graph . Al- ' 
though in a fe,v cat:3e s tl'~0 pilo ts noticed la.t'( with 3pOij ~.:.n control which 
they believed sl1e;_ tly greater than tl:.Bt Yi til n,)l'.LllLl. l a:U,eron control, 
the r e sponse char'lc t eris tics of the vario1,;.s tee t con'trol systems were 
considered satisfactory. 
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, These response character1stics are 1n agreement with ' the results 
of th~ investigations, reported in references 3, 12, ' and 13, which 
have shown that the ' lag with spoiler-type surfaces 1e a functiop of the 
cnordwiee loc~t16n ' dn· the wing and that, for the , spoiler locations for 
,the , tep.1is repor~$d herein (70 or 80 percent of the ,local wing , chord 
from tbe leading"edge), the lag should be satisfactorilJ" small. 
•... I 
7 
At high airspeeds, abrupt lateral-control, deflections caused a 
sharp momentary decrease in normal acceleration (fig. 20(a», an effect 
associated with the sudden decrease in lift due to spoiler action. This 
characteristic was not noticeable at low speeds and was not considered 
seriqusly objectionable by the pilots. 
The effect on the, response characteristics of changes in flap and 
power settings appeared to be negligible • 
., 
, . 
Rolling Effectiveness 
Value~ of pb/~ corre sponding to the peak rol+ing velocities were 
determined from r ecords similar to those shown in figure 20, and are 
presented in figure 21 as a func t ion of change of spoiler angle from 
tha:t: f9r ba lance . These ,curves show that for all t est arrangements and 
conditions the rolling 'effectiveness vari ed smoothly with spoiler angle 
but that a r egion 0L low eff ectiveness was present f or small spoiler 
angles. The , l~tter effect may be a t t r ibuted t o the low effectiveness of 
the spoiler when operati ng in the wi ng 'boundary layer. As would be ex-
pec t ed, this ef~e~t was less pronounced' with spoiler-aileron control 
(Arrangement I) th~ with pure spoiler ' control (Arrangement II). Al':'" 
though not consider ed serious~y objectionab l e f rom a piloting standpoint, 
the l ow effe,ctivene~s near neutra l led to~ard a tendency to over90n,trol 
s omewha t a t iow . Bpe~ds, such as i n app~oache~ and landings . 
The decr~a8~ ' :11,' t~e slope d.(pb/2V)/~O.,s>~i~h inCreasillg spoi ler : angl e 
f or si zable control deflections r esulted .f'r:qm the" f act that? a s shown in 
previous investigatJ:ons, , pb/2V i s more n~a:rly proportio,na l t o the spoil-
er he i ght above the wing than ' to the spoil~ angl e . The variat,~on 01' 
pb / 2V ivi t h spoiler ' height waS found to be nearly line'ar . The ' itesu~ts 
for Arr angements III and IV (fig. 21) and for Q modified ver s i on' 'of 
Arr angement IV indicat e that for a given ,spoi l er he i ght, the e:fr'ective-
ness of these r adically differ ent surfaces w~s of the same 'order. 
From a pilot t s standpoint, i t is desirable to ,have a 'lin,ear varia-
t ion between' pb/2V and control-whee l or - stick deflection • . Ow.ing, to 
t he r elative'ly large amount o.f differ ential as~ociated with spoi l er 
sys t ems (see fi gs. 5, 11, 15, and 18), conver s i on of spoiler ang~e to 
whee l or stick deflection r esults in very nearly linear variations of 
pb/2V wi th cockpit control deflection. 
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The usual criterion f or the rolling power of a lateral-control sur-
face j.s the maximum value of the rolling effectiveness pb/2V attainable 
'vi th full control deflection. Values' of 0.07 or createI' have been found 
adequate for satisfactory handling qua Ii ties of most nirplrui.es (refer-
ences 9, 10, and 11) but for fighter-type airplanes, values of 0.09 or 
greater are considered desirable. (See reforence 10.) Maximum values of 
pb/2V corresponding to full control deflection, as obtained from figure 
21, are given in the following table: 
Arrangement 
-- -- ----. 
Condi tion I II III IV V 
Pm.,er-on, clean . 
110 mph 0.070 0.038 0.073 0.070 -----
265 mph .072 .049 ----- ----- -----
Ivave-off 
100 mph .096 . 053 .070 .070 0.060 
It is estimated that, should the spoilers for Arrangement II be extend-
ed to the ,ving tips, the maximum values of pb/2V probably would be in-
creased about 40 percent. It should be pointed out that the lateral-
control surfaces of Arrangement I were designed to give a maximum 
pb/2V of 0.07, and a method by which a spoiler system can be designed 
to give a specified value of maximum pb/2V is indicated ln reference 8. 
Effect of airspeed.- The curves of figtrre 21 show that, for the 
spoilers tested, pb!2V for a given spoiler deflection increased with 
airspeed. It 1s noted that this effect, "Thich is not characteristic 
of aileron control, is less for the spoiler- a.ileron system of Arrange-
ment I than for the oorresponding pure spoiler system (Arrangement II). 
The superiority of spoilers over ailerons in this respect is due in 
part to the s!11D.ller torsional loads associated ,d th spoilers and honce 
the smaller reduction in rolling effectiveness due to "Ting tWist, 
especially at high speeds. Additional factors which contribute to 
this increase in pb/2V with airspeed are increases in spoiler effe~ 
ti V P1:e:;: s wi th decreases in "ring angle of attack, the more favorable 
yawine; tendencies of spoilers especially at high speeds, and increases 
in Mach number. High-speed wind-tunnel data of references 14 and l~ 
and recent data on file at Ames laboratory obtained in the .Ames 1- by 
3~-foot high-speed win(l tunnel have shovm that the spoiler effectiveness 
increased with Mach number up to values slightly above the critical, be-
yond which a sharD decrease occurred. 
\ 
9 
. Effeb't "of' flap deflection. - Comparison of the curves of figure 21 
, ',for .tha varioU's condi Uons shows that, with pow'er either on.·or off, de-
flection of the flaps appreciably increased the pb/2V obtained with 
a gi'Ven '..spoi ler deflection at the same airspeed. " 
Results of 'flight tests with Arrangement I and of .wind-tunnel 
te:ats~ .' obtained . with a tvTo-dimensional,'model wing shovTed that with 
a def'le,cted 'slo.tted flap the spoiler effectiveness was ' z:oro '-or ' Q.:f the 
1V'rong sign at Blllall spoiler angles. It ~m8 found that wi th the flap slot 
sealed, as was the outer panel slot for Arrangements I and II,this €if': " 
fect was eliminated, but the ·flap effectiveness ~'ll1.s reduced. A-p6saibie 
explanation of this characteristic is that the spoiler, when deI'lect'ed- "a' 
small amount., causes an increase 'in the air ·flow through the flap 'slot,' " 
and the resulting increased lift of the flap opposes the wing-lift re-
ductioli · ~ue ~ to' flpoiler action. 
, ... , 
,Effect 'of pO'vler.- Comparison of the curves for the power-on cleen ' 
conditions (f ig. 21(a)) with those for the glide conditi<1n (fi~. 21('6) ) ,,:, 
shows that, especially at low airspeeds, pb/2V for Arrangement I was 
markedly increased with application of power, due chief ly to the in-
crea~e in s l i pstream velocity over the spOilers which were located 
sufficiently inboard to be affected. This effect, to a slightly larger 
degree, would also be characteristic of' Arrangement II, and, as would 
be expected, a similar effect of power was noted for Arrangements III 
and IV but not for Arrangement V. 
I. .: Control-Force and Hinge-M0ment Characteristics 
Changes. in lateral-controJ" force fro111 the valu~s for, balanoe were 
determined from time histories "sbni;Lar to figure 2Q , ~d Bo+'e presented 
in figUre 22 as 'a function of change 'in spoiler angle~ These data rep-
,r esent the maxiinum va~ue~ negle'cting tpe initial 'peak values and os-
cillations of control 'force attributed to the relatively large inert~a 
of the control,. sy~tems '~ ' The corresp:ondipg values of individual spoiler 
and aileron hInge moments for, Arrangements I and II are presenteq.,· in 
figur~s 23 . t o 26 . The measured ~poiler hinge moments include the ef.': 
fects of spbiler mass unbalance; and th~~e . values have been designat,ed ' 
..  : J.; r ' 
as total hinge moments. ' The total hinge moments corrected for the ef-
fects of static mass unbalance from figure 4 are denoted ,aerodYTlam,ic 
hinge moments. ': These' hinge moments were 'measured . at the -initial maxi- . 
mum vaiu.e~ (ri~glecting inertia effects) . " . " ': ','.. ! '. '. 
, ". I. 
. Sp'oiler-'b.ilerop. ({ontrol. - 'rho cu:r:ves "or' i:lgtlre, ?2' 'f'oi', :Ar~.d~g.~mon~ ' i 
show . t9l1loo~:p ' and ;near-Iy linear variations of contro'l.-rorc~ .. ;-ri t.~ : ~poiler 
• '4 '. ). .,,; 
, 
IFrom data on file at Ames labora t ory'. 
., " .. 
" ,J 
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angle for all conditions. The pilots considered the ma8Ilitude of these 
force.s .exception~.lly good (not excessive at high speeds and eufflcient 
for fe.e l at low "speeds) in relation to th'e co!.'responding value~ of pb/2V. 
" . '. ~' ~ ;. -' ~ :- . : . ~ ', " , . . .. 
:. Th~ ' 6~~~es of figure ' 23 show an increasing rate of .change. of hinge 
moment with respect to spoiler angle dRs/dos as the spoiler was de-
. f1ected , f!.'9ill .. neu;trB:l. . Small negative aerodynamic l+inge moments were 
present: 'over a: sizable spoiler-angle range near zero', both up and down, 
especially at low airspeeds. As shown i~ previous investiga~iQns, these 
effects are characteristic of this type of spoi1er~ It is noted that the 
mass ~nba1ci.rJ.ce in the system 1-TaS sufficieat to countsrac't the negl;l.tive 
hinge moments in most cases. The variations of aileron hinge moment with 
aileron angle (fig'. 24) were essentialJ..;Y linear in a il ca'ses, as is 'char-
acte:dstic of a: plain control surface without aerodynamic balance. .' 
. . " 
The ' contribution of both spoiler and aileron action to the' totai ' 
lateral-control forces of Arrangement I has been computed from the hinge 
moments (figs . 23 and 24) and the kinematics of the system (fig. 5) by 
means of the following equations: 
" 
• : 'I . ,. " Fs 
Hs dos 
= -7,-
----doc ', ,' . ~ . 
. :: 
. I 
Ra · dOa 
Fa = l .doc 
(2) 
These va1uas,' along with the total control forces measured directly, 
are presented ' in figure 25 as functions of spo11er angle. The reHa-' 
bflityof the.hinge-moment data presented here-in is indicated by -the 
close agreement betwe,en the computed total force 'cUI'ves and the test 
points. : The curves of figure 25 show that the contribution of the 
aileron8 .. :to · the total control force is paramount ·and that 'the spoiler 
contributi-on · is. small except for large spoiler angles. 'rhis predom-
inance of aileron cfnfluence is largely respDnsible for. the desirable 
to.tal control-force variation with spoiler migle. 
' .. Circular~ arc- s]oi 1er . control. - The curves of figure 22 f or the 
circular-aJ.'c-spoiler systems (Arrangements II, III, IV) show a region 
of 1mV' forces for small spoiler .angles and an increase in ,.the rate of 
change of control force vli th spoiler angle dF Idos as the spoiler 
angle· is increased. The hinge-moment data of Arrangement· II (fIg . 26) 
show' similar' characteristics. ' . The low forces' for small spoiler angles 
~~~ult partially trom spoileX _Qperation .in the low-velocity regton of 
the wing boundary layer. 
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The control forces for Arrangement II (fig. 22) were considered 
too light for desirable control feel and for proper self-centering 
tendencies of the control. Larger control forcEts could be provJded 
11 
by the a,ction of a sui table plate installed normal to the spoiler upper 
edge , and t.f1e control feel could be further 1mproved by some mechanical 
means, such as' the use of springs in the system or a spoiler upper-edge 
plate i"hich has a differential motion. 
. For spoilers ~uch as -those used in , Arrangement III.. addi tional ef-
fects on the hinge-moment characteristics are encountered, such as cir-
culation .around the upp~r plate, around the vane, ' and through the various 
vent h.oles. Results of supplementary flight tests of Arrangement III 
withmtnor modifications showed that a reduction. in the upper-plate area 
resulted in ~ approximately proportional reduction in the control forcas 
and a rotation of the vane nose upward resulted in very slight decreases 
in control force. It '3.1?peared that nearly all the control force origl-
nat ed • :rom the ulyper pla t e . 
An additional means of providing large enough control forces for 
control feel is to . have the spoiler center of curvature at a small dis-
tance a.bove the hinge line, as in Arrangement IV . . The curves of figure 
22 show. the large forces resulting from the small offset used. It is 
noted that the · general nature of the c,urves for Arrangement IV is sim-
11m;" to that for the other circular-arc. spoilers. Supplementary tests 
conducted ,1-Tl th these spoilers modified . so that. the center· of curvature 
was even farther above the hinge line resulted in proportj.onately high-
er control forces. 
It appears that some improvement in the varia tion of control force 
with spoiler angle could be effected throug~ a spoiler de~ign in which 
the center of curvature var:ted along the heigh·t so as to give a larger 
rate of hinge-moment increase a,t low spoiler angJ.,es Ej.!ld a reduced rate 
at larger angles . However, the use of offset-type circular-arc 8poil- . 
ers necessitates an increase in the gap in the upper wing surface, re-
sulting in 8. consequen,t a,dverse effect on theaerod;y:namic character- -
istics of the wing • 
. Flap.-type 8'Poiler.~ As .lOuld be expected, the curves of ' figure 22 
for the flap-type :spoIlers (Arrangement V) show nearlY . linear variations 
of control force .,i th spoiler angle. The pilots considered the control 
forces too large in view of the relatively low ra.tes of roll obtainable 
wi th this arrange~ent. . '.' " 
Y~wing C4~racteristics 
The yawing and sideslip .characteristics of the various spoiler '.-
,(: . 
arrangements are shown bV" the time histories of figure 20 and ·by the 
variation of Sideslip angle .11 th spoiler angle presented, In ;figWe 27. 
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The values of side - slip angle shown in figure 27 represent the change in. 
side-slip angle from the values for balance to those corresponding to 
maximum rolling ve l ocity . 
, The data of figure 27 indicate relatively small adverse yawing mo -
ments 'at low airspeeds and a tendency tovmrd favorable yawing moments 
at high speeds . These yawing chc.racteristics are more dosirable than 
those usually associated with a conventional aileron-control syst~m. 
The lower adverse yawing, effects of spoilers provide a decided advantage 
for this type of control ,over aileron control in that the rudder control 
required in properly coordinated turn' entries and exits is less . The ad-
vantages of spoilers for use with two-control systems is apparent from 
these characteristics . The more desirable yawing characteristics of 
spoilers are due to the 'predominance of the favorable profile-drag ef -
fects over the adverse induced-drag effects. 
Effects of Altitude 
Results of abrupt rudder-fixed rolls wIth Arrangoment I at a pres- ' 
sure altitude of approximately 27, 000 feet are presented in 'figure 28., 
The curves . are si,mi l ;;rY> in character to the corresponding curves at nor-" 
mal altitude (r ' gs . cl, 22 'and 27), although then. a.r~ sUght differ- " 
ences in effectiveness and some increase in control force. No 'sizable 
effect of altitude on the sideslip characteristics io apparent . ' 
Cl:aractcristics ;t:'fJar the 'Stall 
In order to obtain an indication of the latera,l-control effecti ve-
ness neal" the stall, abrupt rudder-fixed rolls "lith Arrangement I were · 
made during the earl y stages of ' the stall. Typical time histories are 
presented in ' 1' igure 29, in which oscillations of the pitching velocity 
indicate that the airplane was in an incipi0nt st~ll dlITing these tests . 
The roll following abrupt deflec'tion of . the ,control was in the correct .. 
direction and the lag "Taa desirably low. The pilots considered , the lat.:. 
eral control in the stall region to be excellent, but these character-
istics are probably due in part to the unusually good stalling pattern 
of the wing itself (characterized by an early wing-center-section break-
down) . 
stalls conducted with Arrangement III, for which typj,cal time his-
tories are presented i n figure 30, showed that the spoilers were not 
very effective in controlling the rolling motions in the stall, particu-
larly ",i th flaps up . 1Vi th f'JJips dmm, the control was fairly good. 
The pilots considered that the lateral-control.' effectiveness of this 
arrangement in the stall was about ,the same as that which would be ex-
pected from ailerons. 
NACA TN No. 1123 
Characteristlc8 iIi Inverted Flight 
In order to determine the effectiveness of spoilers in inverted 
flight, a maneuver vras made with Arrangement II in which the airpl3.ne 
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was rolled left to approximately inverted flight. While in thJs attitude, 
the airplane was then rolled abruptly to the right, an attempt being 
made to maintain a constant rudder angle. A timE; history of this maneu-
ver is presented in figu:r.e 31, which shows that the spoilers produced a 
rolling motion in the correct direction while in inverted flight and 
that the lag was not excessive. Favorable yawing motions are also indi-
cated. The pilots considered the spoiler effectiveness in inverted 
flight entirely adequate. 
CONCLUDING REMARKS 
The flight tests reported herein indicated that spoilers located 
near the wing trailing edge may supply satisfactory lateral-control 
characteristics which are in some respects superior to those of ailerons. 
It was found that the spoiler effectiveness, as measured by maximum 
pb/2V in abrupt rudder-fixed rolls, was approximately proportional to 
the cock:pi t control deflecUon except for a region of low effectiveness 
for small spoiler deflections and that the spoiler effectiveness in-
creased appreciably with airspeed, a characteristic not normally asso-
ciated with ailerons. '1'ho corresponding control forces varied smoothly 
and in the proper direction but at an increasing rate with spoiler de-· 
flection, and the control forces near neutral spoiler position vlere 
very low. 
The response characteristics 'and the control in inverted flight 
and near the stall were found. to be entirely satisfactory for the 
spoiler arrangements for which these characteristics were investigated. 
All the spoiler arrangements exhibited satisfactory yawing character-
istics which were more favorable than those assqciated with ailerons. 
Changes in normal acceleration following abrupt deflections of the 
spollers were not noticeable at low speeds and 'were' ,not seriously ob-
jectionable at high speeds. 
The results of ,these flight tests ' indicate that the optimum 
lateral-control arrangement tested was the combination of circular-arc 
spoilers with the center of curvature coincident "r1 th the hinge line 
and small plai~ ailerons at the wing tip. In addition ~o permitting the 
use of large-span flaps, such an arrangement realizes the combined ad-
vantages of spoiler yawing characteristics, spoiler effectiveness (par-
ticularly at high speeds), and aileron hinge-moment characteristics, and 
hence possesses lateral-control characteristics superior to those of a 
conventional aileron system •. 
14 
The present test results also indJcate that, should a full-span 
flap be desired, a circular-arc spoiler with a sui table plate normE),l 
to the upper edge of the spoiler ",ould provide satisfactory lateral- . 
control che,racteristics if a low degree of control f ee l near . neut~8.i 
would be acceptable. The control feel with this arrangement, .however, 
could possibly be improved by mechanica.l means s~ch as the use of 
springs in the control system or a spoiler upper-edge plate which has 
a differential motion . . 
Ames AeronQutical Laboratory, 
National Advisory Committee for Aeronautics, 
Moffett Field, Calif . 
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APPENDIX 
DETAILS OF TEST AIRPLANES AND LATERAL-CONTROL SYSTEMS 
Arrangements I and II 
Airplane ' . 
Type .... . .. . ... . 
Length (over-all) . . . •.• 
"Height (thrust-line level) • 
Test gross weight .... . . 
Test center-of-gravity position . 
Wing 
Span . •...• 
Area . . . • . . . • • . 
Mean aerodynamic chord . • 
Aspect ratio . . , . 
Dihedral of chord plane 
Inner panel . .. ..•. 
Outer panel . . . . . • 
Sweepback of leading edge .• 
. Northrop' P-6LA-5 
· . . . . . 48 ft 9 in. 
· . • • . ' . 14' ft 8 in: 
· . . 26,800 Ib 
0.276 M.A.C. (gear up) 
66.0 ft 
" • . • '662.4 sq ft 
.. , 126.7 in. 
6.7 
Incidence of chord line with thrust line 
Airfoil section 
Root. 
Tip . . . . . 
Flaps 
Type .... . .• 
Deflection . . . 
Span (over-all). 
Chord. 
Area .... 
Spoilers (each) 
.. 
Type ......... . 
Deflection . . . . • . 
Span. . ..• . • 
Radius of forward face 
Ax'ea . . • • • . • • • . 
Location of forward face • 
Ailerons (each) 
Type .... 
Deflection 
Left. 
Right .. 
. . 
. . . . 
.. 
Zap 15 percent thick 
Zap 13 percent thick 
.Slotted ( outboar~ panels 'sealed) 
, . 
· . . . . . . 600 
· • . . . . . 55 ft 
20 percent of wing chord 
· • . . .. 124.6 sq ft 
Circular-arc, perforated 
650 up, 21.50 down 
• • . . . 11.16 ft 
9 percent of local wing chord 
. . . . . 9.5 sq ft 
12 percent of local \-Ting chord 
Plain flap (unbalanced, radius-nose) 
22.70 up, 21.50 down 
21.50 up, 21.30 down 
• 
NACA TN No. 1123 
Span . ~ : ! ••• 
Chord aft of hinge line. 
Area ! ! 
Lateral control 
Type . , . •. 
Wheel diameter 
Engines . 
17 
, .. , . . . . • . . . 57 in . 
. . . . 17 percent of local . wing chord 
• . . . . . . . • . .• 5.5 sq ft 
• It , _ '0 • • 
. " 
Wheel 
13.9 in. 
Type .. 
Manufacturer 
Number '. , .-
Reduction gear ratio 
Rating (each) 
. Badial, air-cooled, l8·· cylinder, double row 
, , 
• • P~att add Whitney 
R-2800-65 
0, '5:1 
Take-off. 
Normal ' .. 
2.000 bhp at 2700 rpm and ,54 .0 in. lig at sea level 
1675 bhp at 2550 rpm and 4l~.5 in. Hg at 8400 ft 
Propellers ,(each) 
Type ' , ' ... 
Manufacturer. . . 
Diameter ... 
, . 
Number of blades 
" 
Constant - spe.ed. full-feathering 
, Curtiss -Wright Corp. 
. 12 ft 2 in. 
. . . . Four 
Arrangement III 
Airplane 
Type. 
Length (over-all) ...... . 
Height (thrust .. line level) . ' 
Test gross vTeight. . . . . . . 
Test center-of-gravity position. 
Wing 
Span . 
Area . 
Mean aerodynamic chord 
Aspect ratio . . . . . 
Dihedral of 'chord plane. ' . 
Vought~Sikorsky OS2U-2 modified to 
accomm.od.ate full-span Zap flaps 
. . . . . . ', ' .. 31.0 ft 
. 12 ft ll~ in. 
4950 Ib 
0.284 M.A.C. 
36~0 ft 
205.8 sq ft 
72.5 in. 
6 .3 
, 70 ) 
Syleepback of . 1~adi~g edge. " " , . " . . ' . ' . .. .. 2':>51' 
30 Incidence of chord line with thrust line . . , " , . , ' . " " 
Airfoil section' . , 
Root .. 
Tip •. 
Flaps (each) 
Type ... 
•.. Zap 17.25 percent thick 
Zap 12 percent thick 
. . . . ' . ' . . . . ~ . . . .. .. . . . , . , Zap circular-arc 
18 
Deflecti-on, 
Span, 
;, Area. 
Spoilers (each) 
Type, , . , 
Deflection 
Left . 
Right .. 
~: . . . 
Span.- ,:'". , . , . , 
Area (upper plate) , 
Lateral control 
Type •. , , . 
Stick length. 
Engine 
Type .•. , , . 
" 
NACA TN No, 1123 
410 55' 
15- ft 7 in. 
- 19,16 S'1 ft 
Zap plug-type vented 
37.80 up, 0.750 dOYffi 
4 0 0 2 .0 up, 2 .2 down 
l{) ft : 4.8 in. 
13.46 '8'1 ft 
,. • J ~ 
,-' i • • - - Stick 
: . , . 35 in. 
Radial, air-cooled, nine-cylinder, single-row 
, ,Pratt and Whitney Manufacturer. , , 
NUmber. . - . :.'" ' .. '. , " " ", '. R-985-48 
Reduction gear- ratio,. 
Rating- -
Take-off 
Normal 
Propellers 
Type ..... . 
. " " '. ~. ' . '. -, '. '. '. '. '. -. DiT8ct drive 
450 bhp at 2300 rpm and 35,5 in. Hg at sea level 
400 bhp at 2200 rpm at sea level and_ 5500 f't 
'Manufaoturer. ) . 
' ... ' . 
Constant-speed 
-Hamilton Standard 
8.50 ft 
Two 
Diameter. ' . ' ~ . ~ 
Number -of blades~ 
Arrangement IV 
The details are the same as those for Arrangement III, except as fol-
lows: ,-
Spoilers (each) 
Type. 
Deflection 
Left . 
Right .. 
Airplane 
. ; 
Arrangement V 
Simple circular-arc 
470 up, 5.50 down 
520 up, 8.50 down 
Type .... , ........•..••.. , . Vought-Sikorsky OS2U-2 
NACA TN "No. 1123 
Length (over-all) ....•. 
Height (thrust-line level) 
Test gross weight. • • 
'Wine; 
Span 
Area . 
Mean aerodynamic chord 
Aspect ratio . . 
Dihedral of chord plane .. 
Sweep back of leading edge". 
Incidence of chord line with 
Flaps (each) 
Type 
Span • 
Chord aft of hinge line .. 
Area aft of hinge line 
Spoilers (each) 
Type . . . 
Deflection 
Left. 
Right .• 
Span . 
Chord, average 
Area ....• 
Ailerons (each) 
thrust line . 
Slotted-d.eflector-plate, 
decrease deflection with 
51 percent 
23 percent of 
'19 
30 f.t " 1: i ·n. 
12 ft 6~ in . 
. 4717 Ib 
35 ft lot-t in. 
261.9 ·sq ft 
89.5 in. 
4.92 
7° 
00 
30 
spring-loaded to 
increasing loads 
of wing selliispan 
local wing chord 
17.5 sq ft 
Flap-type, ventilated and paddle-balanced 
. • • . . . 1~9 .00 up, 3 .5° down 
. ..... 53.0° up, 3.50 dOvm 
. . . 41 percent of vTing eemispan 
10 percent of local wing chord 
. . . . . . . . . 4.98 sq ft 
TY}le . . . • . . . . Fries 
SP811 • . . • . .. , t .... 
Chord, average aft of hinge line 
Area aft of hinge line . . 
Droop ................ . 
Lateral control 
T;ype ..... 
Stick length 
Engine 
Type .... 
Manufacturer 
Number ... 
Reduction gear 
Rating 
ratio 
. . . . 31 percent of wing semispan 
17.2 percent of local wing chord 
. . . . . . .. 6.7 sq ft 
290 at full flap deflection 
Stick 
35 in. 
Radial, air-cooled. 
Pra tt and vlhi tney 
R-985-50 
Direct drive 
Take-off. 
Normal. .• 
.450 bhp at 2300 rpm and 35.5 in . Hg at sea level 
400 bhp at 2200 rpm at sea level and 5500 ft 
20 
Propeller 
Type • • . • • 
Manufacturer 
Diameter •.. 
Number of blades 
NACA TN No. 1123 
Constant-speed 
Hamil ton Standard 
8.50 ft 
Two 
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Winqchord 
O.l7C-=1 
line -
Hinge line 
Aileron (Fixed in neutrol position For 
Arronqemenf.II) - Extends f'rom 
0835 semispan to WlI7q tip 
-------O.72c-----'----.-4 
Fig. 1 
Spoiler 
~ 
r=O.O.9c 
--+ ___ WlI?g chorg __ _ 
7lne 
~---
Slot seal 
SpoIler - Extends From 
0.49 -to 0.83 sern ispan 
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NACA TN No. 1123 Figs. 2,3 
Figure 2.- Spoiler and 
aileron fully 
deflected, inboard cover 
plate open. Arrangement 
I . 
Figure 3.- Outer wing 
panel showing 
seals over flap and 
spoiler slot s. 
Arrangements I and II. 
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Figure 6. - Three-view drowinq of the Northrop 
P-6/A-S airplane. Arrangements IondlI. 

Figure 7.- Northrop P-6lA-5 airplane with flaps fully extended. 
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NACA TN No. 1123 Figs. 10,14 
Figure 10.- Vought-Sikorsky OS2U-2 (Zap) airplane with spoil-
ers and flaps fully deflected. Arrangement III. 
Figure 14.- Vought-Sikorsky OS2U-2 (Zap) airplane with 
spoilers fully deflected. Arrangement IV. 
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Figure 17.- Vought-Sikorsky OS2U-2 airplane with spoilers and flaps fully 
deflected. Arrangement V. 
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